Ahstract. Five million spores of a pathogenic isolate of Mortierellu wolfii, when inoculated intravenously into pregnant and nonpregnant cows, caused an acute mycotic pneumonia that resulted in death in less than 4 days. Doses of between 2.5 x lo3 and 1 x lo5 spores injected intravenously caused niycotic abortion in 16-34 days at 6-8 months of pregnancy. Doses of this order also caused focal, nonfatal pneumonia. Acute mycotic pneumonia was also induced in 6-month-old calves by intravenous injections of spores.
Intravenous = inoculation into the jugular vein; intratracheal = inoculation into the middle of the trachea.
Materials and M e t h o d s
Isolates of fungi from field cases, soil and silage are prefixed by F, G and S, respectively. The following isolates were inoculated into cattle: three isolates of M. wd' i (FI, F2, F3), one isolate of A.f~m7igatus (F4), and one isolate of A . ramma (FS) derived from field cases of pneumonia or placentitis; three isolates of M . wolfii (Sl, S2, S3) recovered from soil covering a silage stack on a farm where niycotic abortion had occurred; three isolates of MortiereNa spp. (GI, G2, G3) recovered from farmyard soil; and a type strain of M . wo&i (ATCC A12631, designated TI). The characteristics of these isolates and their method of preparation for inoculation have been reported [2, 9] . The spores were inoculated into pregnant and nonpregnant Jersey and Jersey-Cross cattle and into pregnant Roniney sheep, obtained from herds and flocks of Ruakura Agricultural Research Centre. The cows had been pregnant for 6-8 months when they were inoculated. In the course of 4 years, seven experiments were conducted (table I) as follows: experiment I, 13 pregnant cows (No. 1-13); experiment 11, 20 nonpregnant cows (No. 14-33);experiment III,21 calves(No. 34-54)aged 6 n1onths;experiment IV, ninecalves (No. 55-63) aged 6 months; experiment V, 12 pregnant cows (No. 64-75); experiment VI, six pregnant cows (No. 76-8 I). In experiment VII, nine pregnant sheep were used at the same time as the cattle in experiment I. Fungal spores were suspended in 10 ml normal saline and were injected into the jugular vein, or into the trachea at about the middle of its length, or subcutaneously. Oral doses were administered in 1 liter of water. The numbers of animals used, the fungal isolates, dose rates, and method of administration are summarized in table I.
The test animals were grazed at pasture before and after inoculation. Those that died were necropsied. The others were slaughtered in an abattoir and their organs examined. Time given in hotirs.
Tissues for histological examination were fixed in 10% neutral buffered formalin. The lesions produced in these experiments have been described 131. Tissues for mycological culture were processed in the manner previously described [2] .
Results
After the inoculation of spores some cattle developed acute pneumonia, or subacute focal pneumonia, and placentitis. Some bovine fetuses developed hepatitis and encephalitis. These lesions are described in part 11 of this report.
Inoculation of Cows and Sheep with M . woIfii (FI)

Pregnant Cows
The results of the intravenous inoculations are summarized in table 11. The cow given a low dose (5x lo2) of spores had no mycotic lesion in its tissues at slaughter 13 days later; its fetus was also free of lesions. The only fungus isolated from this cow's lungs was A. uamosa.
Some of the six pregnant cows (No. 70-75) that were dosed orally with more than 6~ lo6 spores were subsequently fed silage in which M . wolfii was growing. N o mycotic lesions were found in these cows or their fetuses when they were slaughtered 94 days after inoculation.
Nonpregnant Cows. The results of the intravenous inoculations are summarized in table 111. Doses of 6 x lo6 spores were administered to six nonpregnant cows. Two, (No, 24 and 25) were inoculated intratracheally; two (No. 26 and 27) subcutaneously and two (No. 28 and 29) were dosed orally. None of these cows had mycotic lesions when they were killed 5 days later, nor was M. wolfii isolated from their tissues.
Calves Aged 6 Months. Fifteen calves were inoculated intravenously with M. woljii (Fl) spores. Single doses ranging from 2 . 5~ lo5 to 5 x loG spores caused acute pneumonia and death in 3-6 days in five calves (No. 34, 35, 55-57). A prolific growth of M . woljii was obtained from their lungs. No lesions were found i n four calves (No. 36-39) inoculated with 9 x lo3 spores, and no growth of M . woljii was obtained from their lungs. One calf (No. 53) inoculated on three occasions at 48-h intervals with 8x lo4 spores died of pneumonia 48 h after the last inoculation. This calf had signs of respiratory disease after the second dose and a grave prognosis was made. Another calf (No. 54) was inoculated with 8 x lo4 spores every second day for 16 days and then killed on the 20th day. It had about 20 discrete nodules about 1.5 cm in diameter in its spleen and a small number of discrete 1t o 3-mm areas of pneumonia in its lungs. M . wolf2 was cultured from the lungs and spleens of both these calves. No lesions were found in two calves (No. 49 and 50) that received six doses of 9 x lo3 spores at intervals of 7 days, or in two calves (No. 51 and 52) that received 16 doses of 8x lo3 spores at intervals of 3 days. These calves were killed 38 days after their first inoculation.
Inoculation of M. wolfi (F2)
Three calves (No. 58-60) were inoculated intravenously with 1 x lo6, 5x lo5 and 2 . 5~ lo5 spores, respectively, of this isolate. Two (No. 59 and 60) died with acute pneumonia 5 days after inoculation. The other calf (No. 58) did not have signs of respiratory disease and had only a few small discrete areas of pneumonia at slaughter 9 days after inoculation. At the time of inoculation it was suspected that some of the inoculum was deposited perivascularly. A prolific growth of M. wo@i was obtained from the lungs of the first two and a light growth from the last calf.
Inoculation of M . wolfii (F3)
Two nonpregnant cows (No. 32 and 33) were inoculated intravenously with doses of 5x lo5 spores of this isolate. A few discrete areas of subclinical pneumonia, 1-5 mm in diameter, were present in the lungs of one cow (No. 32), and no lesions were found in the other. Prolific growths of M . wo@i were obtained from the lungs of both cows when they were slaughtered 5 days after inoculation.
Silage Isolates of M . wolfii (SI, S2 and S3) Two calves (No. 61 and 62) were inoculated intravenously with doses of 1 x lo6 and 5~ lo5 spores of an isolate (Sl) from decomposing silage. A small number of small discrete areas of pneumonia 3-5 mm in diameter were present in these calves that were killed 9 days after jnoculation. Hyphae were seen in these lesions. M . wolfii was isolated from the lungs and spleens.
Two pregnant cows (No. 76 and 77) were inoculated intravenously with doses of 5 x lo4 and 1 x lo5 spores, respectively, using an isolate (S2) from decomposing silage, and two other pregnant cows (No. 78 and 79) were inoculated with similar doses of another isolate (S3) from a similar source. Abortion occurred in one cow (No. 76) 22 days after inoculation. This cow had placentitis, and its fetus had hepatitis and encephalitis. All four cows were slaughtered 51 days after inoculation. No lesions were found in the cows or their fetuses in utero.
Soil Isolates of M . wolfii (GI, G2, G3, G4) Two nonpregnant cows (No. 30 and 3 1) were inoculated intravenously with doses of 5x lo5 spores of G I ; three calves (No. 40, 41, 44) with doses of 5x lo6 to 1 . 5~ lo7 spores of G2; two calves (No. 42 and 43) with 1 . 5~ lo7 and 5 x loG spores of G3; and one calf (No. 63) with 2 x lo6 spores of G4.
The cows were killed 7 days and the calves 14 days after inoculation. No lesions were found in any of these eight animals nor were fungi isolated from their lungs.
Type Culture M . wolJii (TI) Spores obtained from a type culture (ATCC 12631) of M . wolfii were inoculated intravenously into four calves and two pregnant cows.
Two calves (No. 45 and 46) received doses of 7~ lo5 spores, two calves (No. 47 and 48) received doses of 7~ lo4 spores, and two pregnant cows (No. 80, 81) received doses of 5 x lo4 and 1 x lo5 spores, respectively. No lesions were found in the four calves when killed 14 days after inoculation, but prolific growths of M. wolfii were obtained from their lungs. One cow (No. 80) aborted its fetus 39 days after inoculation. The fetus had mycotic hepatitis and encephalitis. No lesions were found in the other cow or its fetus.
Inoculation of A. fumigatus (F4)
Two pregnant cows (No. 12 and 13) were inoculated intravenously with 1 . 2~ lo8 spores. Large numbers of pale grey nodules about 1-2 mm in diameter were present in the apical and cardiac lobes of their lungs, but no placental lesions or fetal lesions were present. Another pregnant cow (No. 11) received 5 x lo6 spores intravenously, but no lesions were found. These cows were killed 8 days after inoculation. A. ramma was isolated from the lungs of one cow, A . fumigatus from the lung of another, and both fungi from the lungs of the third.
Inoculation of A. ramosa (F5)
Two pregnant cows (No. 8 and 9) were inoculated intravenously with 1 . 2~ lo* spores, and one cow (No. 10) was given 5 x lo6 spores. Large numbers of pale grey nodules about 1-2 mm in diameter were present in the apical and cardiac lobes of one cow (No. 8) only and a few areas of mild mycotic placentitis in two cows (No. 8 and 10) when they were killed 8 days after inoculation. A ramma was isolated from the lungs of these three cows. No lesions were found in the fetuses.
Mycotic Infection of Sheep
Experiment VII was conducted at the same time as experiment 1 in order to determine whether sheep could be used as an experimental model for this disease. Three pregnant Romney ewes were each inoculated intravenously with2x 107spores of A . ramosa (F5), three with 2x lo7 sporesof A.fumigatus (F4) and three with 5 x loG spores of M . wolfii (Fl). No mycotic lesions were found in any of these sheep, but A.fumigatus was cultured from the lungs of two sheep inoculated with that fungus, A . ramosa from the lungs of one sheep inoculated with A . ramosa, and M.wolfii from the lungs of one sheep inoculated with M . wolfii. Discussion M . wolji, A . rumom and A . ,fumigatus are the fungi most commonly reported from natural cases of systemic mycoses in cattle [2] , but under experimental conditions only M . wolfii produced acute bovine mycotic pneumonia and placentitis leading to abortion. In these experiments one isolate of M . wolfii designated FI was more pathogenic than two other isolates from field cases, a type-culture, and two of three isolates from decomposing silage. Four isolates of M . wolfii from soil were nonpathogenic. We conclude from our results [2, 91 that M . w o l j i is the main fungal pathogen in the cases of bovine systemic mycosis examined in this laboratory and that A . rarnosa and A . firmigatus are of little pathogenic significance and are usually contaminants. The lesions produced i n experimental infection with M . wolfii have been described [3] .
This report records the intravenous inoculation with A. ramosa of three pregnant sheep, three pregnant sheep with A.,fumigatus and three pregnant sheep with M . wolfii. None of these inocula caused lesions of clinical significance. GARDNER [ l l ] reported mycotic placentitis in a sheep; we have examined sections of the placenta and consider the hyphae to be like those of Mortierella. CYSEWSKI and PIER [8] induced mycotic abortion in ewes 9-23 days after intravenous inoculations of 2x lo7 spores of A.fumigatus. Although A.fun?igatus was not pathogenic for sheep or cattle in our experiment, HILLMAN and MCENTEE [I31 reported abortion in a cow 35 days after intravenous administration of A . fumigafus spores. The conflict of the observations of those authors with the results reported here may be caused in part by the numbers of animals used in each experiment, by variation in the pathogenicity of different isolates, or by the individual susceptibility of the recipients. Expressed simply, this may be an example of biological variation. In our studies, for example, some isolates of Mortierellu (those from soil) were not pathogenic for cattle. Others, such as those from silage and a type strain, appeared less pathogenic than isolate F1 from a field case. Since the fungi concerned in these diseases occur mostly in vegetable matter, animal tissues provide an abnormal environment for them. It may be that only a small proportion of spores of a potentially pathogenic species of fungus is able to germinate in animal tissue. If such were the case, there would be an immediate selection of pathogenic spores in a site such as the bovine placenta. Further experimental work may help to elucidate these points.
